Abstract: Governance of complex systems to achieve goals, even while experiencing change, is accomplished by metasystem functions through a set of communication channels. This paper will explore the structure of these communication channels, the content of what is communicated and the activities of the metasystem functions with respect to these communication channels. Additionally, there will be an identification of associated implications in governance of complex systems when there is the absence of specific communication channels. Finally, there will be recommendations for future research.
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Introduction/background
Modern society is interwoven with systems, complex systems and even systems of systems all of which essentially have a behaviour or function that achieves what each of their individual components or entities could not achieve alone or individually. When taking a step back from all of these activities what is impressive is that whatever the nature of the system, once created, continues. While it is true that not all systems continue in perpetuity, many do persist. Understanding how and what allows systems to persist will be discussed.
First, what is a system? The ISO/IEC/IEEE (2010, p.363) Standard for Systems and Software Engineering -Vocabulary defines a system as a "combination of interacting elements organized to achieve one or more stated purposes". An additional definition states that a system is "an assemblage or combination of functionally related elements or parts forming a unitary whole ..." [Blanchard and Fabrycky, (2011), p.3] .
Complex systems are often described as open systems with many autonomous and diverse dynamically interrelated components that are tightly coupled through many interconnections; indescribable by a single rule; which cannot be reduced; and exhibit emergence, all of which make understanding the behaviour of the complex system difficult (Fabac, 2010) . Because complex systems are open, the boundaries of the systems may be ambiguous and may change over time, which implies that efforts to understand the whole system are difficult and often not successful.
Maier described the term system-of-systems or collaborative system to be applicable to a system if two criteria were met regardless of complexity or geographic location of its components.
"Operational Independence of the Components: If the system-of-system is disassembled into its component systems the component systems must be able to usefully operate independently. This is, the components fulfill customer-operator purposes on their own.
Managerial Independence of the Components: The components systems not only can operate independently, they do operate independently. The component systems are separately acquired and integrated but maintain a continuing operational existence independent of the system-of-systems." [Maier, (1998), p.271] Note: for the purpose of this paper, the term system will be used to denote all systems including organisations.
Metasystem
It is clear that there is some mechanism, capability, or function that is native to all systems that enable them to persist. Beer (1979) injects that there is a managerial hierarchy between components or entities and there is also a logical hierarchy between parts of the system, where "an operational element exists to undertake one of the system's basic activities" and "the relationship between the total operational system and its metasystem is a logical relationship" (p.116). The operational elements undertake one of the systems' basic activities and the higher-level metasystem looks after the operational elements. In this case Beer (1979, p.69) refers to the metasystem as being "'over and beyond', referring to the perception and the logic, and not to Seniority".
Since the introduction of the term metasystem, there has been significant work on developing a theoretical understanding of the metasystem. Essential elements of a metasystem include infrastructure, communications channels, and governance, where the governance system integrates all of the components or entities to ensure a balanced operation (Djavanshir et al., 2012) . The communications system provides error detections, feedback, fault isolations, and correction mechanisms by continuously re-examining the adequacy of the communication system design. The sections that follow will discuss the essential elements of metasystems.
Metasystem infrastructure
Our description of the metasystem provides a number of functions that the design of a metasystem must support. Various models of this structure have been used to describe systems and their operations, including Stafford Beer's [1926 -2002 viable system model or VSM (Beer, 1984) . The VSM is composed of seven interacting systems which comprise the metasystem of any system as depicted in Figure 1 . Source: Adams (2011, p.133) Looking at each of the interacting systems and the particulars of their contribution:
• System 1a/1b/1c (S1) (production) in a viable system contains a composite set of related systems, entities or elements that produce system value. This set is subject to the governance of the metasystem.
• System 2 (S2) (coordination) enables system stability by designing, refreshing and implementing the architecture for information flow, coordination, transduction and communications within the metasystem and between the metasystem, the environment and the governed system. This can be seen as local regulatory to S1 and anti-oscillatory to S3.
• System 3 (S3) (operations) primary function is to maintain operational performance control through the implementation of policy, resource allocation, and design for accountability. This is the self-organisation and regulation character of the metasystem.
• System 3* (S3*) (audit/monitoring) has the primary function to monitor measures for operational performance and identify variance in system performance requiring system level response. Particular emphasis is on variability and performance trends that may impact system viability.
• System 4 (S4) (development) is the system that is focused on the future and outside functions and the creation of the systems models for production. The system identifies opportunity for growth and change based on intelligence gathered by System 4*, intelligence.
• System 4* (S4) (intelligence) is responsible for looking outwards to the environment to monitor how the organisation needs to adapt to remain viable through a design of and execution of scanning for the system environment. The focus of this effort is on patterns, trends, threats, events, and opportunities for the system. This leads to analysis and interpretation of the implications and potential impacts of trends, patterns, and precipitating events in the environment that will then be developed into future scenarios, design alternatives, and future focused planning to position the System for future viability. Finally there is providing for identification and analysis of metasystem design errors (second order learning) and suggested design modifications and transformation planning for the System • System 5 (S5) (identity) is responsible for providing direction, oversight, accountability, and evolution of the System. Focus includes policy, mission, vision, strategic direction, performance, and accountability for the System such that: 1 the System maintains viability 2 identity is preserved 3 the System is effectively projected both internally and externally.
Contained in the S5 is the function to monitor measures for strategic system performance and identify variance requiring metasystem level response. Particular emphasis is on variability that may impact future system viability. Finally there is the function to monitor the system context (the circumstances, factors, conditions, or patterns that enable and constrain the system).
The functions identified as needing to be performed by the VSM are those required to ensure system viability "that is capable of an independent existence" [Beer, (1984) 
The macro perspective of the systems functionality is that system S1 has a high degree of autonomy so as to be flexible in response to variances in the external environment that it directly produces for. The combination of S1 through S3 deals with operative management where the S1-S3 provide for the inside and now of the overall system's operations. System S3 provides the interface between the operational (S1-S2) and the strategic (S4-S5). System S4 has a pivotal role for the outside and future or the strategic long-term orientation of the effects of external, environmental and future demands on the overall system. Finally, system S5 provides the overall balancing or governance dealing with the here and now, there and then and continuing the overall policy of the identity of the system.
Metasystem communications channels
A specialised feature of the VSM is the identification and utilisation of formal communications channels between the VSMs seven constituent systems. There are seven unique channels that provide communication pathways for data and information to flow in the VSM. This is a distinct feature of the VSM that no other systems-based approach addresses and is testimony to the cybernetic roots upon which the VSM was based. Rationale for the detailed development of the seven communications channels is based upon the need for the metasystem to control variety. The seven communications channels are presented in Table 1 (Leonard and Beer, 1994) . Table 1 Communications channels in the VSM
Communications channel Description
1 Command Provides non-negotiable direction based on System level decisions which ensure unequivocal communications of essential decisions.
Resource bargaining and accounting
Resource allocation determination decisions required to support outputs and outcomes from the System 1s.
3 Operations Communications related to the operations of the System 1s. May involves the transfer of actual data and information flows between the System 1s.
Coordination
Monitoring of the regulatory mechanisms (i.e., procedures, protocols, etc.) between the System 1s to prevent oscillations.
5 Audit Gathering special, in-depth information to identify the source of deviation in the operation of System 1s. This channel often includes data and information generated by and for special studies and evaluations.
6 Algedonic Emergency channel! Deals with critical issues that require immediate response to an issue or opportunity with system level implications that may affect viability.
7 Scanning Provides scanning of environment for trends, opportunities, system threats. Serves as an early warning source for environmental perturbations.
The communications channels in Table 1 provide dedicated mechanisms for the flow of information and relationships within the VSM by identifying discrete information linkages between the seven systems in the VSM.
Systems theory as the basis for metasystem design
Many man-made systems are created based upon a purposeful design. There is no guarantee that the design team will be aware of what a metasystem provides for a system. While there is no universal proscriptive process for validating a metasystem, from a systems theory perspective a system-theoretic construct resting on an axiomatic set of a unified systems theory propositions can provide the requisite foundation (Adams et al., 2014) . Several of these propositions can directly affect a metasystem and therefore directly affect the adequacy of an overall system design. Table 2 lists several propositions, the primary proponent of the proposition and the principle impact on system design endeavours. (Cherns, 1976 (Cherns, , 1987 This principle has two aspects; no more should be specified than is absolutely essential. Excess specification reduces autonomy and can reduce the ability to scan or react to emergence. What is identified has to be essential. Associated with specification is directly related to operation of the system.
2 Requisite variety (Ashby, 1956) Control can be obtained only if the variety of the controller is at least as great as the variety of the situation to be controlled. There is the need to be able to match the variety in a changing environment.
3 Emergence (Aristotle, 2004; Checkland, 1999) Whole entities exhibit properties and patterns that are meaningful only when they are attributed to the whole, not its parts. The creation of the correct set of parts to support the goal of the whole. This is the counter to complete autonomy, such that the whole is most important in design.
4 Self-organisation (Ashby, 1947) The spontaneous emergence of order out of the local interactions between initially independent components. Systems will evolve and where this occurs may not be a directed action.
5 Sub-optimisation (Hitch, 1953) If each subsystem, regarded separately, is made to operate with maximum efficiency, the system as a whole will not operate with utmost efficiency. Proper communications and permeated governance will allow for maximum autonomy but reduce rouge actions or affects.
6 Communication (Shannon, 1948a (Shannon, , 1948b Communication is a transaction between the information source terminal and the destination terminal, with the sole aim of generation and reproduction of symbols. Information is transmitted as a selection along possible alternative states. Organisation of metasystem to transmit as well as receive depends on variety.
Metasystem governance
Recognising that the metasystem provides governance functions for the system components or entities as well as a means of communicating externally (Beer, 1970a (Beer, , 1970b , the composition of the term governance will be discussed. "Governance is necessary to ensure that participants engage in collective and mutually supportive action, that conflict is addressed, and that network resources are acquired and utilized efficiently and effectively" [Provan and Kenis, (2008) , p.231]. As an integral part of humankind's personal relationships, the use of governance is at the heart of all human activities and has kept pace with the evolution of humankind advancing new arrangements as traditional governing mechanisms in private, semi-private and public spheres as well as family, local, regional, national, transnational and global levels have lost their relevance. Governance on these levels carries a title of Good Governance when there is a perceived fairness by all and can be considered one of the pillars for success. From this perspective, governance is learned and emulated and applied to other human endeavours. The learning and passing down of the practice is not within the scope of this paper, but how it can be incorporated into system design is an area in need of follow-on research. Kersbergen and Waarden (2004) studied the destabilisation of traditional governance mechanism in the disciplines of political science, law, public administration, economics, business administration, sociology, geography and history. Their findings were that governance adapted to organisational changes in either vertical, horizontal, or a combination of vertical-horizontal shifts. The ability to change is not restricted by location of command, control and enforcement relative to the groups of individuals. They did find that associated with the change in location of command, control and enforcement was a new set of problems associated with governability, accountability, responsiveness, and legitimacy that the new organisation had to deal with. System governance has been described as the execution of metasystem functions providing control, communications, integration and coordination for a system. This includes the establishment and execution of policies and procedures within a system or organisation to delineate authority and responsibilities (OECD, 2004) in order to help ensure viability of the organisation or system. There are four essential activities in governance which include: 1 articulating a common set of priorities 2 coherence 3 steering 4 accountability (Pierre and Peters, 2005) .
Control and guidance of these complex systems and modern enterprises are provided by metasystems, which are the sets of interrelated functions that govern the systems.
Metasystem communications
Control and guidance functions provided by the metasystem must be communicated to appropriate elements of the system to maintain viability. This requires that the infrastructure is capable of providing requisite channels for communicating between these entities. The VSM provides the seven unique communications channels in Table 1 as mechanisms between elements or components that comprise the system and the metasystem. These channels by their absence or the absence of the requisite elements or components are indicative of systems that may not remain viable.
As previously discussed, control and guidance for systems are provided by the metasystem, the sets of interrelated functions that govern systems. Governance is reflected by the execution of the metasystem functions providing control, communications, integration and coordination for a system and includes the establishment and execution of policies and procedures that help ensure viability of the organisation or system. Central to successful governance is the ability to convey information between system entities. Communications is the means by which this is accomplished.
For the purposes of this article, communication is taken as a transaction between a source and a destination. This conveying of information allows the receiving entity to take appropriate requisite action or be adequately informed. This definition is somewhat broader (and less precise) than a more conventional definition which is a transaction between an information source and a destination, with the aim of generation and reproduction of symbols. Information is transmitted as a selection along possible alternative states (Shannon, 1948a (Shannon, , 1948b (Shannon, , 1949 .
Communications supporting the requisite system functions may be operational or administrative as well as being tactical or strategic. For this article, operational information is that which is germane to the conduct of activities that deliver value to customers; administrative information is that which germane to the implementation of policy as set forth by the organisation's leadership; tactical information is that pertaining to near-term actions; and strategic information is that pertaining to organisational outcomes, usually over an extended period of time.
Previously, it was asserted that system functions identified by the VSM were those functions needing to be performed to ensure system viability. In support of those functions, intra-system information as well as information to and from external entities requires a conveyance mechanism. Using a functional taxonomy based on Beer's VSM, metasystem communications may be explored. The examples provided in Table 3 are not intended to provide a precise categorical listing of all the communications content needed to support requisite functions for system viability, but are intended as examples of the types of communications and content that might be expected to be found.
The systems that make up the metasystem for a viable system have established an elaborate and reliable communications set that enables governance to function. Obviously, the absence of a specific or a number of legs of communications have negative implications for the system. Recognising and repairing or overcoming the loss in communications means that disrupted communications may require increase in the expenditures of resources, possible rework of the output or other corrective action to reconcile with the customer.
In the context of support for system viability, the communications system provides error detections, feedback, fault isolations, and correction mechanisms by continuously re-examining the adequacy of its design (Keating, 2009) . Understanding communication channels and the information that travels along these channels may provide a rapid insight into the long-term survivability of a system. Table 3 Examples of communication types
System Example
System 1, Production As previously discussed, is where value is created within the system or organisation. The information supporting operations is a mix of operational and administrative information and is primarily tactical. Included in this information is day to day operational information exchanged locally within the unit and externally with customers, periodic operational reporting, and administrative information received into the unit.
System 2, Operations This system enables system stability by coordinating activities and policies for, as well as resolving conflicts between, operational units (System 1's). The information supporting coordination functions is primarily administrative and is intended to ensure alignment of operational units with the policies and direction of the system or organisation as a whole. Examples of the information exchanged might include information pertaining to safety and security; employee assistance programmes; information technology; and purchasing (Leonard, 2009 ).
System 3, Control
Maintains operational performance of the system from a holistic point of view allocating resources and monitoring operational performance. Control includes the functions required for near term operational success. The information supporting control is primarily operational and tactical. As an example, resolution of resource allocation is a real-time endeavour requiring conveyance of information from, between, and to the affected units and control.
System 3*,
Audit/monitoring
Provides random monitoring to assure accuracy and accountability of operations as well as enhanced synergy of operational units. Information supporting the monitoring function is operational and tactical. Examples might include information exchange required for IT systems compatibility, energy audit or financial audit.
System 4, Development Monitors the whole system's environment, including intelligence from System 4*, to determine how the system or organisation needs to adapt to remain viable. Information is exchanged both external to the system or organisation and within the system or organisation. Information supporting this function is operational and may be tactical or strategic. Examples might include growth opportunities.
System 4*, Intelligence Scans the environment for patterns, trends, threats, events, and opportunities for the system. Provides environmental intelligence information to support System 4. The information supporting intelligence functions is operational and may be tactical or strategic. Examples might include external threats, opportunities, and suggestions for adaption or realignment within the system or organisation.
System 5, Policy/identity
Provides direction, oversight, accountability, and guides evolution of the system or organisation. Among the functions policy/identity is to provide a balance between control and intelligence thus ensuring appropriate application of resources from a holistic perspective. The information supporting policy/identity functions can be operational or administrative and is strategic. Examples might include dissemination of strategic plans, system or organisation policies, and public relations.
Conclusions and future research
Communications between the systems of a metasystem, as well as externally, is the means where by governance is able to support the complex systems achievement of its goals. The VSM implies that the sufficiency of communication channels means that with anticipated or unknown changes both internal and externally, the flow of governance will occur. While there is no single set of rules or proscriptive method for designing a viable system, the perspective of the VSM on a system provides a means of understanding what contributions of the system under observation positively contribute to viability. The viable system with a functioning metasystem, governance and communications presents the strengths that one would like to observe in all systems. An area of future research could be directed at understanding where there is diminishing viability, is it due to a disruption in communications or governance? An equally important area of future research is on what are the mechanism found in governance that react to a loss or disruption of communications and how do the mechanisms respond?
